TEST AND BALANCE REPORT
CONTRACT N62470-86-B-9517

CAMP LEJEUNE, NORTH CAROL INA




CONTRACT N62470-86-B-9517

NAVFAC SPECIFICATION
No. 05-86-9517

' RENOVATE BUILDING 2615
AT THE

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA

DESIGNED BY:

THE SMITH SINNETT ASSOCIATES, P.A.
110 WIND CHIME COURT
RALEIGH, NORTH CAROLINA 27615

SPECIFICATION PREPARED BY:

Architect: The Smith Sinnett Associates, P.A.
Structural: Bigger & Agnew
Mechanical: Jim Cheatham, P.E.
Electrical: Shelton Adcock, P.E.

Fire Protection: Jim Cheatham, P.E.

Submitted by: Ronald J. Little, AIA Date:6-15-87

CONSTRUCTION WORK PREFORMED BY:

LONESTAR GENERAL CONTRACTORS
P.0. BOX 7881
TYLER, TEXAS 175711

CONSTRUCTION TECHNOLOGY, INC:
MECHANICAL CONTRACTORS :
1324 PARK PLACE, SUITE 225 :
HURST, TEXAS 176053

TEST & BALANCE ENGINEER:
BILL M. LONG P.E.
1324 PARK PLACE, SUITE 225
HURST, TEXAS 76053






FOREWORD

The work described in these documents was performed in
accordance with the requirements set forth in Sections 15996
of the specification for contract No. N62470-86-B-9517
"Renovate Building 2615" at the Marine Corps Base, Camp

LeJeune North Carolina.

All testing and balancing procedures were done in accordance
with the NEBB Standards. The work performed was done under

the supervision of Bill M. Long P.E., a registered
professional engineer, who was approved by ROIC for this

phase of the work.
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Eval of Compliance







I. EVALUATION OF COMPLIANCE
A. GENERAL

The testing and balancing goals as set forth in the TAB
Agenda (see appendix) and the contract specifications have
not been obtained to the extend desired. In general the
systems served by the new air handling equipment have been
balanced satisfactorily but those systems served by existing
equipment are considerably short of air.

The areas served by existing air handling units AHU-1,
AHU-2, AHU-3 and AHU-7 were proportionally balanced with the
air supplies available and when those systems do produce the
design CFM then they should continue to be balanced.

The areas served by existing AHU-4, AHU-5 and AHU-6 are
not proportionally balanced due to air restrictions existing
in the systems. Example: AHU-6 is suppose to de er
CFM to the Federal Lobby but can only delivery“FM (9% of
design) even though the unit is delivering 47% of it's total
capacity. The reheat coil serving the Lobby is completely
covered with dirt and dust film and until it is cleaned any
attempts at air balancing is futile. A similar condition
exists in the LeJeune Room Lobby (served from AHU-4) where
the air flow is only 29% of design.

The following is a recap of the air readings as
they now exist:

Equipment Area Served Test Results as
% of Design

‘New AHU-1: Dry Storage 67 102%
New AHU-2: Womens Dress. Rm. 81 96%
Womens Toilet 82 100%
Mens Toilet 80 100%
Mens Dress. Rm. 83 96%
Snack Bar 84 99%
LR N e T
—— e
Exist. AHU-1: International Bar 19 63%
Exist. AHU-2: Den Bar 30 64%
Exist. AHU-3 Carolina Rm. 42 51%
Dining Rm. 43 42%
Cafeteria 44 44%
Service Corr. 41 unchg.
Exist. AHU-4 LeJeune Lobby 35 29%
LeJeune Rm. 36 63%

LeJeune Bar 37 47%






Exist. AHU-5 OCW Room 18 61%

Regimental Rm. 24 99%
Exist. AHU-6 Federal Lobby 01 9%
Corridor 07 162%
Cashier 09 - 89%
Cashier 10 63%
Mens Toilet 20 102%
Womens Lounge 16 66%
Womens Toilet 19 717%
Board Room 14 84%
Exist. AHU-7 Office 28 67%
Office 29 65%
Corridor 26 82%
Exist. AHU-8 Tower Room 201 N/A

B. New AHU-1 and AHU-2:

These units are performing as intended and have been
balanced. No additional TAB work on these units or duct
systems is required.

C. Existing AHU-1:

This unit serves the International Bar 19 and is
producing approximately 63% of the design CFM. This system
has a charcoal filter bank located in the main supply duct
and it was suspected that this was the cause for the reduced
air flows. However, these filters were taken out and while
they do need cleaning, they only altered the total air flow
by 15%. The CFM readings used in this report are with the
charcoal air filters installed. From the field readings taken
it is evident that the changes made in the duct system are
not the cause of the reduced air flows. The total AHU static
pressure was measured at 2.57" and of that only 1.15" was in
the supply air duct system of which the charcoal filters
accounted for 48%(0.55"). This would indicate that the fan
speeds will have to be increased in order to obtain the
design air flows. All air outlets have been proportionally
balanced and it appears that there is sufficient air flow to
satisfy the needs of this area. There is however, a large
percentage of outside air being introduced into this system
which could effect it's performance during extreme
conditions.

D. Existing AHU-2: This unit serves the Den Bar and is
producing approximately 64% of the designed CFM. This unit
also has a charcoal filter bank and the CFMs used in this
report are with the filters installed. The filters do need
cleaning but this would not account for the differences
between the scheduled air quantities and those actually
measured. The air outlets were proportionately balanced and






if the unit should ever produce the scheduled air flow, the
system should remain balanced. The outside air gquantities
have been checked and do not appear to be excessive.

E. Existing AHU-3:

This unit serves the Carolina Room, Dining Room and
Cafeteria areas and 1is delivering approximately 52% of the
scheduled CFM air supply. There are charcoal filters in each
of the zone supplies and the CFMs used in this report are
with the filters in place. The air outlets have been
proportionately balanced so the increased air flows should
not change the performance of the system. It appears that
there is approximately 38% outside air being introduced into
the system, which may or may not be excessive, and is
included herein for information purposes only.

F. Existing AHU-4:

This unit serves the LeJeune Lobby, LeJeune Room and
LeJeune Bar. It is delivering approximately 47% of the
design CFM but the air distribution is unbalanced. The
LeJeune Lobby is scheduled for 3015 CFM but is only receiving
250 CFM because the reheat coil in this duct needs cleaning.
Field measurements show 0.45" pressure drop across this coil
with only 250 CFM of air flow and until this coil is cleaned
there is no use in trying to balance the air to any zone.
There are charcoal filters in each supply duct which are
contributing to the low air flows but these are not
restricting proportional balancing like the reheat coil is.

G. Existing AHU-5:

This unit serves the OWC and Regimental Rooms and is
delivering 78% design air, but it is unbalanced. The
Regimental Room is within 99% of the design CFM but the OWC
Room is only 61% of design. The reason is because the
charcoal filters were removed from the duct supplying the
Regimental Room and if these filters were reinstalled the air
percentage would decrease in the Regimental Room, increase in
the OCW Room, decrease in overall air delivery and in
essence balance out. The outside air is approximately 21% of
the supply and should not seriously effect the performance of
the unit under extreme conditions.

H. Existing AHU-6

This unit serves the Federal Lobby, Board Room, Men and
Womens Lounges and the Cashier Areas. It is delivering
approximately 52% of the scheduled air but it is unbalanced.
The Federal Lobby is scheduled for 2730 CFM but is only
getting 250 CFM. This area, like the LeJeune Lobby, is
suffering from a stopped up reheat coil and until it is
cleaned all balancing attempts are futile.







Existing AHU-7:

. This unit serves the offices and corridors and is
delivering approximately 69% of design CFM. All outlets have
been proportionally balanced and if the system should ever
deliver the scheduled CFMs the system should remain
balanced.

Existing AHU-8:

This unit was relocated to the second floor and re-
connected. No TAB work was specified for this unit and none
was done except to verify that it was operational.

Fan and Coil Units Nos. 1 thru 5:

No provisions such as flow sensors, circuit
setters, thermometers, or pressure gages were provided for
the fan and coil units. All testing and balancing was done
using strap on thermostats and digital thermometers to read
water and air temperatures. The units were tested for
operation and proper sequencing of controls.
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‘ *Professional Engineer Registration North Carolina

CON-TECH & CERTIFICATION

CONSTRUCTION TECHNOLOQGY, INC.

PROJECT . RENOVATE BUILBING 2615 - CONTRACT NO. N62470-86-B-9517

ADDRESS ____CAMP_LEJEUNE, NORTH CAROLINA

THE DATA PRESENTED IN T s REPOITI’ IS AN EXACT RECOND OF SYSTEM PERFORMANCE AND WAS OBTAINED
IN ACCORDANCE WITH NEBB STANDARD PROCEDURES. ANY VARIANCES FROM DESIGN QUANTITIES WHICH
EXCEED NEBB TOLERANCES ARE NO'I'ED THROUGHOUT THIS REPORT,

THEAIR DISTRIBUTION SYSTEMS HAVE BEEN TESTED & BALANCED AND FINAL ADJUSTMENTS HAVE BEEN MADE
IN ACCOHDANCE WITH NEBB “PROCEDURAL STANDARDS FOR TESTING — ADJUSTING- BALANCING OF
ENVIRONMENTAL SYSTEMS" AND THE PROJECT SPECIFICATIONS.

TAB  CONTRACTOR __CONSTRUCTION TECHNO!0GY, INC.

REG. NO. NONE ‘ CERTIFIED BY BILL M. LONG s Dok
(A TAB Supervisor)

“**E HYDRONIC DISTRIBUTION SYSTEMS HAVE BEEN TESTED & BALANCED AND FINAL ADJUSTMENTS HAVE
"EN MADE IN ACCORDANCE WITH NEBB "PROCEDURAL STANDARDS FOR TESTING—ADJUSTING BALANCING
- OF ENVIRONMENTAL SYSTEMS" AND THE PROJECT SPECIFICATIONS.

TAB CONTRACTOR _CONSTRUCTION TECHNOI OGY, INC.

' lydronle TAB Superviser)

pATe OCTOBER 27, 1988

.

SUBMITTED & CERTIFIED BY:

?

TAB . CONTRAGTOR _CONSTRUCTION TECHNOLOGY, INC.

TAB SUPERVISOR BILL M. LONG, P.E. iy,
Sal

| REQ.NO.__* 6882
\1e__OCTOBER 27, 1988
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RENOVATE BUILDING 2615 CAMP LEJEUNE, NC

PRELIMINARY TAB PROCEVDURES

FIGURE 3-3 Syslems Neady lo Balance
CHECK LIST

@@9@

THE INTAKE AIR FILTERS ON ALL OF THE EXIST.

B O
i _Yes | No | Corrected
1. HVAC Units and Bullt-up Units
‘a) General x
!.wvev! Installed = ¥ -x" EEPUE T
Manual dampers open and bcksg“ fat x_ SOt e -
Automatic dampers sel proparly X
Housing construction. ln‘miqo-“_ e T TG | T
;:-c;;s_doms hn\ngo_ ’ —i-
Condensate drain piplng and pnn X
Free lrom dift and deblls X e
Hamepiats date Y vhEoae
b) frters s :
vio and size R ke,
i i
Bt TINEESNREN 00
Frame leaknge o lx e
¢) Colls (Hydronlc)
| T T L
Fin epacing and condition X
Obstuctions andiordebris | X | @) |
Alflow and direction o LS bae v
Piping lnkago X
Cortrect piping connections and llow
‘ Valves open or sel o T Gt |t
srvisQiinnyen T 90
Evls'oﬂs made for TAD menﬂnem.v.-v:!f x @: ::i :.:j
d) Cofts (Electic) N/A
Seandconstucton  |N/A] T T T
Nrowdiiton " INgR|
Duct connections N/A
satetyswiches  IN/A| T |
Obstructions o ,\]Z\ T B
Free Egm debvlo___ﬁ_. = i N/.A Ty MR T
Contactors and daconnect swiches | IN/A| |
Electical service and connections N/A
Mameplate data T INIRGEE T e
e) Fans
Lo S— e —
Wheel clearance and balance X
Bearing and molor Nbrication )
. Drive oﬂgnmen! : r
Ben tenston X
NOTES:

©) [ans (continund)

Drlve set =crews tight

nc-n ouard In plnce

l’le-lblo dud commc!ov nlgvmn'
smﬂevs and dscomed |v'~!|;6ms

Ek-civlcd sorv'co and covmdbns

Dete
Corrected

Nnmnplulo dola

Vlbmllon holnlkm
bpllﬂqQ md comusslo"v-_—“m.-

ano !ovcl lmd lwo

2. Duct Systems i

e)

b)

—

3 ™
L))

b)

General
Mnmm'* P o'nmand" d
"cm'cs doms c'o!ad and !lgM 4

Flvo d1mpevs open and ncmsl;'o-

tevmlnn! unis open + and sl

n«g!slms and d"usevs opﬁn ond n!

umlng vanes ln mom ebom
onvhlom mnde lov IAB moasuvcmonls

Wslems hs!n'led as pev p'nm

Duclwo'k sea'ed as nqulved

Nchllucnnnl

\Mndows lmwbd and cbsm; s
Doms cbsrd as vequhed

Cel!lnq plnmvms lmlnlhdzv:; Oen'ed

Accm! doors rlnscd nnd Ilghl
Nv shn"s and onenlngs m veqmvod

nmps
Motors
ﬂolnﬂ'.m
lubvlcntlon .

Allgnmon!

Sol screws |lgm

Guards In place s s et e
Tonk lnvu! and conlrols

S!mlevn Ond d!rovm ecl “m,—.- b

Elechlcni servlce and comeclbm

Nemcp!nlo dalu

Correct cov;neclbvn

i § |
x% ><|><><§><;><_><

THE EXISTING HEATING COILS SERVING THE FEDERAL LOBBY AND THE LEJEUNE LOBBY ARE
STOPPED UP AND NEED CLEANING BEFORE ANY TAB WORK CAN BE ATTEMPTED. -

NO PROVISIONS FOR BALANCING VALVES OR FLOW S!NSORS HAVE BEEN
PROVIDED FOR THE FAN COIL UNITS.

AS THE CONTRACT DRAWINGS DID NOT MATCH THE EXISTING INSTALLATION.

AIR HANDLING UNITS WERE REPLACED BY CON TECH PERSONNEL
BUT THE CHARCOAL AIR FILTERS IN THE SUPPLY DUCTS ARE DIRTY AND NEED NEW CHARCOAL MEDIA.

THE HVAC PIPING SYSTEM AND DUCT SYSTEMS FOR Aﬁﬁ #1 AND #2 WERE ESSENTIALLY INSTALLED AS ORIGINALLY
SHOWN ON THE CONTRACT DRAWINGS BUT THE REMAINDER OF THE HVAC DUCT SYSTEM WAS ALTERED CONSIDERABLY
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RENOVATE BUILDING 2615 CSMP LEJEUNE,

NC

4. Hydronlc Equipment

b) Mnl Exchangors

¢) Cooling Towers/

FIGURE 3-3 Syslems Ready to Balance (Continued)
¢ CHECKLIST

b) Plplng (conllnued}

laukngo J ¢
Va'vos open or se! X
T S
Alr vented X
Flexible conneciors X
Fv_o;ﬂ_sb;s. made for U\D moasmeminﬁ X 3
Co'vlmlcm poss‘bmlles Ragee o s
c) ‘Bases B T X
Vibraton lsolaton | X"
U e ¢
il;iin;_""“'_""'—*" s o

®) Boters DEAERATOR

Opova"ng conlvols and devices“— o

S‘amy conlvols und dovlces o S X -

Luiicatonoftans and pumps |y~
Draft conlrols and dovlces IN / A
Plplng comocllons nnd ﬂow X
e
Watev mnko -up pvovlslons X
Blowdown provisions | X

Elocivk'nl v;:onnecllons

Nnmep'ala dala

Correct ﬂow and connecllons

Valves opon or se!

Alrvents or sleam lmns

leakago

Pwvlslons mado 'ov !I\B mensmomenls

Namoplnlc dala

Evnpora'lva Condensors

Conocl llow and conncc"&ns

anves opon or sal
loaknga

Provisions mado '0' YAB mensuvomen!s

Sump waler lovel

Spmy noules

Fanlpump rotatlon

Moloman 'ubvlca"on

Dﬂves and nllgnmenl

Guards In placs

NOTES:

Dn!o
Correcled

¢) Cooling Towers/
Evnpom'lvo Condensers (comlnuod)

Slmlms nnd dscomod 'wﬂches

‘Electiical connections

[__Ready Dete
Yes | No Corrected

w
|

VNamaplalo data

i

5. Relrigeration Equipment

Crankcase l'v‘ovalevshm;;rgir;&

Oporating conlrols and davices

Satety conrols and devices _

anvos opon

Plplngmocﬁmuondlbw

Guavds In piaco

VIbvallon isolation ' °

Slav!evs conladom cnd dscormocl
swilches

'E.leciv-k‘:d connections

Nameplalo dala

><i>< >< | ><|>< ><><><><I>< ><| < [><

8. Hydronlc Piping Systems

Leak testod

Fluld levels and make. up 3
Nond or ulery vm:

Compvosslon 'ankl nnd alv vonls

-S!éam lvaps and cormocllons

Slvalnovl clom

V;iv'és' oponmwov set

Provisions made for TAB measurements| X @
Syslbms lns!a!lod as pev p!ans AR X P RE

xr ><|><>< i > ><
|
L

7. Control Sysioml

Data centers §$

., P | 7/
40l;|doov{(a|uvn Nvlvesel i N / A

.Economlmr & N/A o
.S|a|lc pvessmo » WK K d

X Kivl s

8. Other Checks

a) Other rades &_bevio;vhél";bllﬂod
of TAB work nqulremcnfs

b) Preﬂmlnary dcu complelo

>4 >

c) Test report Iorms proparod

@ NO BALANCING VALVES OR FLOW SENSORS WERE PROVIDED ON THE STEAM
HOT WATER CONVERTORS OR RUN OUTS TO FAN COIL UNITS.

@ NO FLOW ORFICES OR METERING DEVICES WERE PROVIDED ON ANY

STEAM OR CONDENSATE SUPPLIES.
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< CON'TECH

CONSTRUCTION TECHNOLOGY, INC. (

.PROJE CT_Rennmte_Bu_iJﬂn_g_Zﬁls

SYSTEM/UNIT

AIR APPARATUS
TEST REPORT

AHU-1

LOCATION —SethcWilliams St.  Paradise Point ... _Camp_Lejeune, NC

UNIT DATA < MOTOR DATA
Make/Mode! No. TRANE CLCH-3A Make/F'tame _CENTURY MA3-T
Type/Size _|ORAW_THRU i 1/3_ - 1750 rpm
Setial Number K88C07825 R/ /Merls _120/1 ph/60 Hz,
Arr./Class 1/1 F.L. Amps/S.F. 1.2 Amps/ 1.35
i v HORIZONTAL SN Shaure _BROWNING #828
Ml-ke She?:c N/A §_|Amave Dlaln/}lfie 3.75" 3/4" 7
Sheave Diam/Bore g 1/2" Sheave € Distance 13 7/8" :
No. Belts/make/size (L)__4L380 i
No, Filters/type/size (2.).-16,!&25£x21 =
TEST DATA DESIGN ACTUAL TEST DATA DESIGN ACTUAL.
: Total CFM s 806“— 825"““ -I.)ischatgc S.P. N/A 0.22"
Total SP. (in, H20) NZA— 057" A _gsai;:;;v'. N/A 0.45"
Fan RPM 1200 1022 "c!I'l‘ill Couil AS.P, N/A N/A
R fUciogConSr. - Wk 0.35"
Motor Volts  '132, 12" |15 125 Picheat Coil AS.P. N/A combined’
Motor l-\-r-v.\m T, T, T, 7_:£ E:E) e ;'-ineu;\_s—l’ N/A 0.10"
) Total ESP_(Q) 0380 o 1 0,30% .50
Outside NIEEM _ {100 130
Retan ATCEES . = 00 ..o 705 c LL  Eassox Oung. Pesition - 1o N/A
Out. Aiv Damp, Position As Req'd 90% Open
|| e A posion | As Req'd |

REMARKS:

(@D ESP does not include filters.

l.ESTDM'E Sept. 7, 1988  peApings By James Glenn
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< CON-TECH AR APPARATUS
_ , TEST REPORT

' CONSTRUCTION TECHNOLOGY, INC.

PROJECT __Renovate Building 2615 SYSTEM/UNIT ____AHU2
LOCATION —SethcHill iams_S't-_._Parad,ise._Point —--.. - Camp_Lejeune,_NC
UNIT DATA MOTOR DATA
Mokemoteitio. | qpane ciopan | [Mekemiame | paraTHon 1491
U, DRI o MvmEesmaes . 1 Ulp - 1730°rDm . -
Serial Noutber v vr DN - o V"'“""““’!‘:'_'5____W_ _208V/3ph/60_Hz
Pl o 2T T gy FLANMEERES . .| 4.3/1.35
Oischarge | HORIZONTAL MakeSheae | pROWNING K90A11R
Make Sheave N/A Sheave Diam/Bore o i i
Qh_c:yf‘l)lall\—/llqz:___-m 4 3;;'—;3_/_4—“:- _—__:-__*-:_ Zhial\;e_t l)lslauce :171 1/4"
No. Belts/make/size (1) BROWNING 4L415 Serial No. | UVA143TTDR5327AA
No, Filteis/type/size 20"x25"x2"
l
TEST DATA DESIGN ACTUAL TEST DATA DESIGN ACTUAL
"?'_" om @ | 1e00__|.1795_ | |vscemsr Ina |oas
. JorlSP, R .0.43 &”””‘5" _N/A 1-1.35
P M | 16 Fyeon | [MeestCowamE o | yoac o o | ooz
Cooling Coil AS.P. N /A combined
Motor voits "i3,00 | 208 210-215-21% | renear coitase, | N/A 1.20"
MoorAms 1,1, 7, | 4.3 | 4.0-4.2-4.8 [rivesase. [ ya 0.10"
LR - | FrofAETEGE ) 0.35" 0.48"
Outside Air CFM 740 720
Mewnnert | ogeo | 1075 | | vensxOwrosion | wa | nya
SRR 0% 0 it s """" "““""“ As_Req'd | 95% Open _
SRS v ol IR T Wi Seiopdies . '"‘F'_"_"_'____ =

REMARKS:
@ ESP does not include filters
@ Print Design CFM - 1800

.ES roate__Sept. 2, 1988  peanings py _James Glenn
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< CON'TECH

CONSTRUCTION TECHNOLOQGY, INC.

APPARATUS COIL

TEST REPORT

’“ WecT__Renovate Building 2615, Camp LeJeune, N.C.
\._. 1

-y

COIL DATA COILNO, |W-1 COIL NO, CH-1 COIL NO, IIW~_2 COIL NO, _(;N'? 5

System Humber AlU-1 _AHU-1 NU-2 : _Alju-2

Avsativd Attic Space | Attic Space . |Attic Space | Attic Space
ikl lleating Water | Cooling Water | lleating.Mater |’ Conling_Mater
Ho, l\owrFlmI‘ln. W13l _6/80 2/111 _B/120

Manufscturer . TIrane _Trane Trane _Irane

Model Humbey HC_ '_U.l_ M M

Fece Ares, Sq. Fi. 2.08 2.08 3.13 _.3.13

TEST DATA DeEsian ACTUAL nesian ACTUAL DESIaN ACTUAL | nEsian ActuaL

Al Oty., CFM 800 | 825 800 | 825 | 1600 1795 | 1600|1795

Alr Vel., FPM N/A 400 600 400 N/A 575 600 575
Press. Deop, In, N/A 0.10 2.0 0.40 N/A 0.33 2.0 1.26

Dul. A Do N/A 80.2 N/A__ |87.5/74.01 N/A 81.0 N/A - |81.0/71.p
Mer. Alr DB/WD N/A 82.4 _N/A 71.2/61.0f N/A L95.8 _N/A___ |66.4/60.p
IL . Al B/ 62 DB | 82.0 |78.2/66.473.8/63.0{47.2 B |.89.9 B3.6/71.5]72.2/65.b
= Abr DU/ N/A _110.8_8.1/57.1)66.7/59.2 N/A - }108.8 | 53/52,9]63.2/59.p
el N/A 28.8 | 20.1 | 12,9 |na 189 | 306 |9
Water Flow, GPM 3 33 5.0 5.0 11.0 10.6 19.1 19.0

Piess. Drop, PSI 4.3 1.0 6.49 1.0 4.3 1.0 -6.49 Sl
Ent. Water Termn, 180 180 . 45 5(.)‘0 180 _180 _45 50

Lvg. Water Temb, 160 164.5 55 54.1 160 173 _&5§ 53.4
Water A Y 20 15.5 10 4.1 20, 11 10 3.4

Exp. Velve/Nehlg. NlA N/A N/A N/A

RMelilg. Suctlion Press, /A N/A N/A N/A

Melilg. Suctlon Temp, N/A N/A N/A N/A

Inlet Stearm Prets, N/A N/A N/A N/A

NEMARKS:

- JDATE

Sept. 7, 1988

NEADINGS py _James Glenn

o2b e 2a30
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‘ CON-TECH

. CONSTRUCTION TECHNOLOQY, INC.

Renovate Building 2615 Camp Lejeune, NC

FAN TEST REPORT

PROJECT
FAN DATA “FAN NoO. F-1 FAN NO, F-2 FANNO, F-3
Leuiien __Roof Roof___ —Roof
i ZBaths AiBa - HLES L oo Baths_53.54
Manufacturer Loren Cook Loren Cook Loren Cook
Model Number 90C15D0 . _120€35 90C15D
Serlal Number $22589-00-2/88 $22589-00-2/88 $22589-00-2/88
Trpe/Class Centrifugal Centrifugal Centrifugal
Motor Make/Style Fasco Marathon Fasco
Molor 1.7 JENEAVEvaisl 1/8 Hp/NA 1/4/1725/481 1/8 Hp/NA
Voln/Feyima 115/1/60 ___120/1/60 115/1/60
L AmmS e f—LeZ Amps/NA_ | 5.0.- 5.5 amps/NA |_ 1.7/NA_
| Motor Sheave Make/Model __n'rmnrlyg___ _____ i T A Direct Drive
Motor Sheave Diam./Bore _N/A 3.0.'.'/1/2" N/A
' Fan Sheave Make __N/A R S | —N/A
‘ | Fon Sheave Diam./Bore N/A 4.0"/0,75" N/A
' No, Belts/Make/Size N/A _(_ l)_Btjoang 41200 | N/A
Sheave 4. Distance WA T S5 1727 N/A
TEST DATA DESIGN ACTUAL 0r sy ACTUAL VESIaN ACTUAL
CFM 380 630 1150 1100 470 435
Fon NP6 1300 . | 1600 | 1490 . | 1165 _ |__-i3ng 1600
Rl NA____[.0.,23/0,01] WA ‘. |..0.30/0.00 __N/A__ | 0.44/0.0
Wi w0128 1 0.24... 120 - 031 |_0.125 |_o0.45
| Voltame, ¥} 7 _115 125 |.120.. | 125 120_ 125
Amperage LI T, 1.7 : 0.6 5.0 _4.8 1.7 0 7%

REMARKS:

| TESTOATE _Sept. 26, 1988 peanINGS BY ___James.Glenn

2.7

PAGE "

2,30






< CON-TECH

FAN TEST REPORT
CONSTRUCTION TECHNOLOQY, INC.,
PROJECT__Renovate Building 2615, Camp_Lejeuns, NC
FAN DATA - FAN NO. F-4 FAN NO, F-5 FAN NO,
Location Roof - Roof I
Service Boiler Room Boiler Room
Manulscturer _| Loren Copok Loren Cook
iodcl Number 195C3B 195C3B
Serlal Number $225589-00-2/88 $225589-00-2/88
s _Centrifugal _Centrifugal
Motor Make/Style _Marathon ' _mar‘a thon
::oun HP./RAPM/Frame _LILH 'IZ 8 pwz— Jﬂ_llplll?&_mmﬂﬁl_
olt‘lﬂ'luulllnu —1201.1'-_-8']/60..“1'___ JZﬂ/l.Eh/ﬁﬂ Uy -
F.L. Amps/S.F, '5.0'-'5.5 ‘5,0 - 5,5
Molor Sheave Make/Model N/A N/A
Motor Sheave Dlam. /Bore 3.0"/0.5" _3.0"/0.5"
Fan Sheave Make N/An : N/A
Fan Sheave Diain./Bore - 71.0"/0.75" '7.0"/0.75"

No, Belts/Make/Size

(l)”Brown'iing 41300

Sheave 1. Distance

6.3/4"

.(1)Browning 41300

_6.5/8"

TEST DATA DESION AcrTunL DESION ACTUAL " DESIaN M:v.wu
CFM  |2s00  [TZ700 |"2500 | 3000
Fon NPM 700 707 700 : 1738 d
srwion_(in. weo) | WA | 0.28/0.0| WA | 0.20/0.08 |
Toll 87 (in. H20) 0.125_ _1.0.29 _ | 0.125 0.21
v°u..g7"2;.:"' 120 125 _120_ 125
: Amperage T, T, 7, 5.0 4,75 -5’0 4.75

REMARKS:

‘ ‘ TESTDATE _Sept. 26, 1988 peapiNgs By _James Glenn

t
'

aoe 228 or2.30






CON'-TECH ) 5 £
I'AN TEST REPORT
. CONSTRUCTION TECHNOLOGY, INC.

PROJEC r___Egnoxlte Building, 2615 __ Cagp_Lejeune, NC

FANDATA FAN NO. MA-1 FAN NO, FAN NO.

Lasation | X _Atfic - Snack Bar
i Exhaust Hood Make-up
AuRschusst | Loren Cook

Moaodel Mumber 10DB t
Serial Mumber g 225?8? E 'I S it o
TrowCies /TN SUMESRE FCOx 'x 117 -

Motor Mnko/Slylo _Mara thon

Mo|o| " P il\PMII"mmo

Volnll‘huellle'll

..... _120/ 1Ph/60.Hz

"__L_""'_""_?‘_ & Tt 6.1/1.35.

| Motor Shonvo M'\kolf !ndol
Molm Shcave IJhm./_ll_u.uc‘_ 3"x _7./.16" S s e Sk BCO. v - I
rau Sllcavc Make e m——
an ,hcave Dlam lllme 7" X 3/4 "

Ho, Ilclu/Makc/ ire '_-(1) Browning 4L400 :

l%"“'mmme e 11 3/4%. . el - SRR,

{|Motor Serial No. UVA48S517D2056EP

TESTDAIA . NEsIGH ACIUNL IEA G ACTUAL DFSIGH ACTUAL

ferm ) 1ad0 [ 1435

! l"m nm _ 661 ‘ 725

[srwon | mA | 0.25/0.16 Gur| - o
?.'_°'i‘!_s" A e -0,25% - 1 0.41" . . e :
vonege i N T ] q20 | 126 e -

Aperme Vo Lo DO 8.1 fia. uidhaiber el

REMARKS:

1ESTDATE _Sept. 7, 1988  peAnings py _James Glenn

raon 2.9 o 2.30






| I I I | l | | I I

TERMINAL UNIT COIL
CHECK REPORT
CONSTRUCTION TECHNOLOGY, INC.
PROJECT _Renovate Building 2615 Camp Lejeungy gty Fan & Coil Units MANUFACTURER_ Trane
| | g o [ e 1wnen vowsuees | o ae tmeeners |
| l(cfm) . ia WTR.PR. | WTR. PR. “ *F Ide&'."F .fdectj‘:"F I' »T ldetsszF ,deLgA.? Fﬂ deg. F
57 I FC-11300 2.2 J14.5 INA |NA f10F [50.0 |55.1 | v 170 |si.8 | n/A | 18.2
60 |Fc-2 1200 1.4 fa.x INA | WA 10 150.0 52.3 | n/A lg6.9 |s0.2 | n/a | 16.7
47 I Fc-3 lso0  Is.1 7,6 InA | N/A |10 50.0 [s4.1 | n/a le6.6 |52.7 | n/a | 13.9
48 1rc-3 1800 [s.1 llz.s [wa [wA o Iso.0 |se.s | n/a 1682 |53.6 | N/A | 14.6
103 | Fc-4 l200 J1.4 a1 [NA [ na 10 50.0 [53.7 I NA |69 |51.3 | N/A | 18.3
127 1 Fc-5 600 l4.0 H10.7 IN/A | N/A 10 152.0 [57.0 | w/A |67.5 [55.2 | n/A | 12.3
l

l

i I i I I l
I I I I l
|

l

I

! i
l |
I I l
| I l
| |
| l

I

l i

I l

| I l I l |
I | I I l |
l |
| l
I |

| | 5
| ! l PSR | | l. | l
NOTE: USE ONE OF THE ASOVE ALTERNATE METHMODS :
REMARKS: WATER SUPPLY TEMP. 30 deg, F OUT.AIR TEMP. 71.0 deg_F
1. No provisions were made for measuring the water pressures across the coils.
2. A1l air temperatures are dry bulb readings.
3. No provisions were made to measure GPM flows.

I
I

i
]
|
!
l
!
l

|
|
|
i
|

TEST DATE _Sept. 26, 1988 ReADINGS BY__ James Glenn







( CON-TECH . | :
PUMP TEST REPORT:

CONSTRUCTION TECHNOLOQY, INC.

PROJECT Renovate Building 2615 . Camp Lejeune, NC
DATA PUMP NO, P-1 rUMP NO, PUMP NO, : rUMP MO, PUMP MO,
Location Rnnm-,!az 3 SR
Servaey leating Water
Manulacturer - . l_us.nhajmer!
Model Numbey ' 180 2
" |Serial Numbey 881;62550.-0]__1 s
GPM/Ilead 99 / 50
lf’ Req. NPSII 15
@ Pump APM lZﬁQ__rpm L
2 Impeller Diam, 8.80
Motor Mls./Frame Mara thon
Motor 1P/RPM 3/ 1750 3
Volts/Phase/Mertz "~ 1460/3/60 e
£ 4 F.L. Amps/S.F. 5,5/1115 - ¢
‘ _|Seet Tyee __|.._Mechanical
Pump O1-Press, 13.5 psi
Valve Shut Dil1, 33.0 psi i
Act, Iinpeller Diam, 8.80"
Valve Open DI, |17.5 psi
b Valve Open GPM . 120
L Final Dischg. Press, 30, : .
g Final Suction Press. 11. 7 pS'i.
Finsl A P 18.3 psi
Finsl GPM . ilg
Voltsge "1}1,'1%s 510 610 510
Amperage T, 7, T, 4.5 4.0°4.0

REMARKS:
1.No provisions made to measure GPM flows.

‘ "TEST DATE _Sept. 27, 1988 READINGS By _James Glenn

proe2:11 0r2.30
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G;)_"{Bc" , ' HEAT EXCHANGER/CONVERTER

TEST REPORT
CONSTRUCTION TECHNOLOGY, INC.
o q0JecT____ Renovate Building 2615 : _Camp LeJeune, NC
UNIT DATA UNIT NO. 1 ; UNIT NO. UNIT NO.
Location Mechanical ‘Room #87 3
Service Hot Water Heater
Rating, BTU/Hr. 1,339,600 (@
Manufacturer TACO =
Model Number Iype S
Serial Number
TEST DATA DESIGN ACTUAL DESIGN ACTUAL DESIGN ACTUAL
Pressure, PS| " 45 psi 38 psi
5 Flow, Lbs./Hr, 1341 885 (3
: 165/180 oo
Ent./Lvg. Temp. | 152.8/180 165/180
, § Temp.aT 27'.24 15
: 12| Ent./Lvg. Press, @ ‘ CD
| Press.ap (i) (D
E GPM 98.5 118
5 .
Ent./Lvg. Temp., N/A - N/A s
§ Temp. aT ! - N/A N/A
BE Ent./Lvg. Press. N/A N/A
g Press,a P N/A N/A
S| cPm N/A N/A
Control Set Point
°| Exchanger Circuiting
REMARKS:

Pressure drops were not required by specs or drawings.
@ Ratings are manufacture ratings.
(® Steam control valve was modulating.

Vool DATE _Sept. 27, 1988 READINGSBY ____ James Glenn

pace 2,13 or 2.30






< CON-TECH

' CONSTRUCTION TECHNOLOGY, INC.

*noJeCT _Renovate Building 2615
VUTLET MANUFACTUNER Titus

Air Outlet
Camp_LeJeune  svsii:m _Mens Toile

TEST APPARATUS

_AIR OUTLET:
CTEST REPORT

s - Dry Storage
t - Womens Toilet

Alnor Test Hood

pnst, [ttt vesen PRevised 1L

v v, | iver sizee |Neck] cors vre, "',';,";" RAA b vie, | croa i ot
Dry Storage fost |RAs_ftex1z_ |1ex1d w/a | | wa {1700 [ReTurn
No. 67 0s2 [CD__|12x22 | 8 Y 200 | | 200 215 |SUPPLY
No. 67 - fos3 |en_ |12x12 | 10§ 300 | ____ | 300 3lo_fsuepLy
No. 67 |os4 |co__|12x12 | 10 3004 ____1300.].__ 310 _JSuUPPLY
tens 53 fort | e (a0 |5 | 52| [ 300 | || s fewms—
Womens 54 Hwn R |ex0 6 (1| a1 .| 230 [exnust
——— e 'Vj-— el T, —
NEMARKS:

’ DAITE Sept. 7, 1988

NEADINGS Py __James Glenn

rA0e

2.14 2.30 -

———
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AIR OUTLET IDENTIFICATION PLAN ROOMS NOS. 53,54,67

.\f_ Po|lLEF- koo

Page 2.15 of 2.30
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< CON'-TECH

CONSTRUCTION TECHNOLOGY, INC.

@

nno.uecr__nennme_nuunmg -2615 Camp_Ledeune._ SYSTEM _Dressing Rooms_& Toilets .

AIR OUTLET-
CTEST REPORT

Air Outlets - Snack Bar

UUTLET MANUFACTURER __ T1tus TEST ArrAnATUs _ Alnor Test Hood

o R B et Rl M o gded SN w Sy Dol -

o vo, Lyver | seze pegH €0 | vee e vee | erm Sy
Snack Bar _ |SBT | RAG [2ixid” (12 [WjR” ™| e e e | —e
No. 84 |82 ko |24x24 110" 360} ST 350 | suepLy
No, 84 SB3|Cp _ [24x24 110 fHa69 | 1 360 | supeLY____
No.Ba__ Ispa|cn_ [24%x24 110 QHage | f | _ 1| 1. |3s5 SuepLY :
No. 84 |SBS|CD loaxz4 [10 |360 | N 370 | suepLY
No. 84 |sB6 LD l24x24 |10_ 350 | ko 340 | suppLy.
No. 84 SB7 .C!.J_.., 24x24 |8 {175 | _ | A TEI . v 180 | _supPLY
Mens Toflet|ML | € logupq g [150 | | 77| T ko | sweey
No. 83 M2_|ER |10x10 |10 {190 | N 20 ... | 240 | EXHAUST
Mens Dress.IM3, [CD [24x24 [8 H200 5 Iy D 200 | SuPPLY
0. 80 MA_ | CD _ |24x24 |10 {275 - S (R 255 | SUPPLY
|N0- 80 M5_|RAG [24x24 |12 _fn/A | | e e | — . .| 440_J RETURN_
Womens Wi [0 [paxed” 8 f0 | | sk o 1280 _SupPLY
Dress No.81JW2 1CD Jod4x24 8 fos0 | — F 240 | suePLY
NO. 81 W3 _|RAG 124x24 112 fIN/A | N D . i 440 | RETURN
Womens Toil|Wa |cmi loax2a 8 f1so | |~ 155 | suppLY
Nol 82 W5 [ER f10x6_ |10 f190 ___|200_| Exnaust "
No. 82 w6 |ER [10x6_ |10 fl-0- | ool b 200 | ExuausT
REMARKS;

@ one_Set- 7, 1988 anngs py,__ James Glenn .
' 2,16 2.30°
PAR e e
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AIR OUTLET IDENTIFICATION PLAN ROOMS NOsS. 80,81,82,83,84

Page 2.17 of 2.30






G&T{mu N7 AIR OUTLET:

~TEST REPORT

CONSTRUCTION TECHNOLOQY, INC.

enoJect_Renovate Building 2615 Camp LeJeune, iEystem Alr Outlets - International Bar

UUTLET MANUFACTUNER __ Titus TEST APPANATUS Alnor Test Hood
ANnEAa . owriLen NneEsian o b BY riine
e I g o T R e Rev' ged TOl RO et G O e
Int'l Bar |IB1 e laaxaalaz V66| 1 et h 1711360 | Sorriy
No. 19 182 fco [24x28 |'yy 4750 (|7 [z | 470 | _suppLy
No..19 183 (CD | oaxoa|q2 | 545 |___ |_.. | 242 | 340 | _suepLy
No. 19 |iea|co_|24x24(12 | 75| | 361 360_| _suppLY
No.-19___ 15 |co_.[20x24(12 f 703 | ... | .. Jaaz ).l 0. laao | _suepLy___
No. 19 [1B6 | CD | 24x24 .1a»..iﬁ 703 g ... .|Mo} SRy
No. 19 1B7 |1 CD_ |24xe4|12 {545 | __[3a2) | _ | _ |35 LSUPPLY
No. 19 B8 {CD_ |24x24|12 #5545 | 3421 | __.__|3%0]_suePLy
|Mo. 19 |1B9 |cD_ |2ax2s (20 f703| | las2{__ | | __|aa0 | swey
No, 19 |1B101CD_ | 2ax24 |12 § 703 | _ | _ [aa2f. . |_._| . _|aa5 | suerLy
_ [No. 19 1814 CD_ |2ax2a |12 f 703 . |. (242 ). __|.__1.. [aa0 | _sueprLy
No, 19 |1B12| €D _ | 24x24 | 12 l 845 ... |32 ). _|..|.. _|3%0_|_suppLy
“ No._ 19 ___ |IB13|CD _ |2ax24 | 22_§ 805 | |.._.|3a2 || __ 0. _|as0_| _suepry
No. 19 ____ |iB14|cD_.|24x24 | 12 | sa5 | ___|__..|382 § __ |0 . _.l3ao_]_svepLy
No. 19 _ |UBISICD_ f2axpaf 1o f845) | |3e2) | | |380 | suepLy -
No. 19 IB16{ CD _ |oaxpg |12 f5a5| | 342 345 | _suePLY
No. 19 17 co_ |24x24 112 fseo| | f3s2 ) __ |__ -...| 350 | _suePLy
No. 19 |iBiglco (24x241 12 | 545 | |342 .| 305 ] _SupPLY
No. 19 |IB19| RAG_[24x24 | 1 | N/A|_ e | NA 520_| _RETURN (1)
No. 19 1820/ RAG_[24x48 | 1 [ n/A .. oA ). | 1000] _RETURN (D)
No. 19 |21 Rac_ [2ax2a | a_fwa | | fwa | .t __|sa0. __nclugfiég:
No. 19 "~ |1B22|RAG_[12x18 |1~ "N/A| | "[N/A | T[T T 2407 | TRETURN
No. 19 IB23] RAG |12x18 1 I N/A N/A 400 | RETURN (:)

NEMANKS:

(:) Return air grilles are lay-in type; No duct connections - Above ceiling is a return
air plenum - Return air duct system not changed under this contract.

® " DAIE_Sept, 14, 1988 peAbigs py _James_Glenn .- SO
| 2.18 _ 2.30
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AIR OUTLET IDENTIFICATION PLAN ROOM NO. 19
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< CON'TECH

CONSTRUCTION TECHNOLOGY, INC.

AIR OUTLET:
TEST REPORT

enoJecT__Renovate Building 2615 Camp Ledeune SYSTEM Aig_ggfﬂgt§_; Den Bar

OUTLET MANUFACTURER Titus

QRevised .-

NEMANRKS

SUPPLY

SUPPLY

SUPPLY

_SUPPLY
SUPPLY

f@pPPLv

SUPPLY

SUPPLY -

_RETURN

RETURN

B ——

AREA ouviILED DESIGH
e R [ush [ ficiii
Den Bar o [2ax2a | 10 J300 [
No. 30 _|28x2a | 14 fos0 [
MNos.30 - CD_|2ax24 | 10 f300 [
No. 30 . CD__124x24 1 14 135018
No. 30 _ 24x24 lil_ 950
No. 30 || |24x24 | 14 [lo50
No. 30 D_|24x24 | 14 1950 |
No. 30 LD |24x24 | 14 950 |
No. 30 DBY [ RAG [24x48 (2)18N/A |
No._30 RAG |24x48 (Z)Ae!N/A_ ¢
'l' f 3 : o
| | S
REMARKS:

pDATE _Sept. 15, 1988

READINGS BY ___James Glenn._ . __

2.20 2.30 -

—— OF
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ON'TECH

CONSTRUCTION TECHNOLOGY, INC.

PROJECT Renovate Building 2615 Camp lLeJeune

OUTLET MANUFACTURER __Titus

AIR OUTLET
TEST REPORT

Air Outlets - Offices - OCW -

SYSIEM _Corridors - Regimental Room

TEST APPARATUS __Alnor_Test Hood

ANEA OUILED DESIGN Revised Prelim. FitaL
SEAVED S g oS e e ok Sl R NEMANKS
to, | yver size Neck erns ] vy, QYIEEER. e CFM || ver | crm
24x24 . | 12.. 583_ il e k06 - 360 380 SUPPLY
2&3.?4 1220683 (| 1406 | (406§ _ [380_ | suepry
feaxea | 12 INAf  f IN/A | f700 700 ] RETURN
24x24 : 12 583. A 49_5-_ W ﬂg_ ek 370 SUPPLY
|24x12 | 12 | N/A SOEaR Y | 395 395 | RETURN _
€l \CD_ 124x24 | 12 f1342 [ f l239 | |320 e [EBOE SUPPLY
AG__ 4x12 | 10 IN/A | f_ . Ina | 270 ff . [270__ |l _RETURN
A4 (14 IN/AC| o f N/ .| 365 .. |365_f _RETURN __
- R4x24 |.10. 342 |_ aaaeant . . | 230 -~ |280.:. §<SUPRLY .. &
- R4x24 |-12 (342 | ... 1238 | .._.|230 230 JSUPREY
paxzd_| 12 a6 | | " lasa | (800 | lags | SuphLy
pxed |12 1464 | 0. (464 | |295 1  fa65 | suppLy
PAx24 (12 464 | f (464 | fa%0 [  |aso_ SUPPLY  ~
paxeq 12 fla6a | | |aea 470 465_ | SUPPLY
20x48 (2)12IN/A | | NA_ | |1140f  hi1go | ReTuRN
12x24 n2x24(N/A || ___INA_J_ |10s0] .[1050 f RETURN
OWC Room__ |OW1 [CD __ Pax24.42x22 (1155 | . S [ RN S P Jros_§_subpLy .
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REMARKS:
OATE Sept. 16, 1988 pgapiugs py_James Glen

proe2:21 0r2.30_ ‘






PR -
&3
£ bE B pe2
R e
Hpbes Bbekpa
DEN BAR 30
Keen Xppa
@pea @D pp o =
=
L &
<2 oF|
. € OFFIcE
2
Ed
Rez  RR Rt sk
. kre ; &
' 24 | HroFFlcEe
5 olls ||PEcIMENTAL BMIl 0oFs || 28
=Y - oo |18
= & “'5233 - BARBE R
. H
ol | oulz ‘\EE_E?E
" ] 53 E ;7 '
<5 c4- :

AIR OUTLET IDENTIFICATION PLAN ROOM NOS. 07,18,24,26,28,29,30

Page 2.22 of 2.30






< CON'TECH
AIR OUTLET

CONSTRUCTION TECHNOLOGY, INC. .rESl‘ REPOR-I‘

enoJecT_Renovate Building 2615 Camp LeJeune SYSTEM Air Outlets - Carolina Dining

OUUTLET MANUFACTURER __Titus TEST ArpARATUS __Alnor Test Hood
ANEA OUILED DESIaN ¢ Revised Finina.
pighla - IR A ;'.,;"" ;,'efc",; com | ven frsompasod T T G T | neteanns
carolina  |co1 |co 24x24 | 18 1613 | a0 | |7l 8a0 | TseeLy
Dining No.44c02 |cd  Paxz4 |18 1613 | | [a1g 860 | suppLY
No. 42 . [co3 fco  pax2a |35 f1613 | | |gjq 1 [s80 | suppLy
No. 42 CD4 [CD _ |p4ax24 | 18 613 4819 - 885 | SUPPLY
No. 42 ICD5 |ER _p4x48 |(2)14 N/A | 0. [NA L 5 F19209  RETURN
No. 42 |CD6_|RAG. P4x48 |[(2)14 N/A | NAA L. |....f. .. ]2350] RETURN
No. 42 ___[coz |cp_ paxea |18 fe13 | | ls19 [ | - |815_ | _suPPLY ___
No.42 __ |coa. [co_ paxea |18 Jiera | | |89 | | 775_ | _suppLy
No42—fcog |co— paxea |18 fiesa || (B0 | | |es _SUPPLY__
No. 42 _ EDIOICD pdx24 118 he13d | fs19 | T 75 § SRR . .
.."0- 42 [eonnjco  paxe4 |18 he13 | | S Laga 785 | suReEY .
‘No. 42 D pix24 118 neldee T  jsr9 ] | i |780 | ‘svemy=iC
(lo-42____[DI3IER  paxza f12xeq 1300f | | AT T TexiiausT
No. 42 DI4IER_ P4x24 N2x24 1300 - f 0 | it 1 EXHAUST
No. 42 1CD15(RAG_ pax72. (311 NA | | VAL |l |is20] ReTurn
No.. 42 fcou6iRAG Paxzz2. |(a)ag v/ | | fval | | f1a60{ RreTurn
Corridor___ ICR1 [CD_. Exist |10 | N/A [ ___. - NAY i CF . oj2an 4 suppLy
No. 41 ., JcR2 |CD_ Exist. |10 fnza | f_ v f | 260 | _SUPPLY .
No. 41 CR3 1Cb_ fExist (10 dN/A) | |y ||| |29 | suepLy
No. 41 R4 [CD_ fxist |10 | N/A[ VA ... |285 | _SupPLY -
No. 41 CR5 cD_ fExist |10 IN/A| | Iwacl | 0 |270 | suepLy
No. 41  |[cR6 [CD__ [Exist |10 [ /A | e WAL ] 2 e 270§ SUPPLY. <t
Mo 81 kerz len  fewise 120 [VA] T T LT 285 _|_suppLy
REMARKS:

pATE Sept. 19, 1988 Lo s by ___James Glenn..__ .
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CONSTRUCTION TECHNOLOGY, INC. : /\|n OU I LE l ;

@ 4 TEST REPORT

"nOJé(':T_R.gngvﬁg__@l_lﬂﬂlng.lﬂﬁ__ﬁimn..l.edeune_ SYSTEM Ajr.Outlets.-_Dining Bm._A& Cafeteria

<con-'r£:cu Bk
UUTLET MANUFACTURER _Jitus TEST APPARATUS —.Alnor_Test Hood___________°
AHEA ouILED DESION Revised rinan.
i | sze |Neek] eren | ver fsimpaned T v e | remnans

_Dining_Rm. 24x24 |32 ga67.[ | | 200, A% | SUPpLY

_No. 43___ | 2ax24 |12 | 267 200 _.|195_| suppLY

_No._ 43 |2ax2a |22 4 262 | |__ | 200 195 | suppLy
—No.-43__ -1 2ax24| 12 }.467.|—— |--... | 200. €00 | SUPPLY _ -

No.. 43 |24x24 | 12 Y467 | |_. |20} e e OO SUPPLE -

‘No. 43 | 2ax2a .1z..ﬁ4.6.7 b 2o T e | sueey.

No. 43__ .| 24x24| 10 {467 | __ ey G fonncl200. FSUPBLY -

No. 43 24x241 18 A N/A| Q. I NAJ B 1050 | RETURN______

No, 43 FAREAL 18 | NA | posey ) 540_ | RETURN____

¢ ' _No, 43 _ PAXZA ) 18 I N/A | ) L NAY L ) |30l | ReTuRNL

_Cafeteria_. 2axz4 -12. 480 | |. Jeos | . |.._|. |75 |sueey

_Rm. No. 44 24x2a |12 Yas1 | __|. . |26} _[_._|. .[170 JsuerLy
| No—4d___ f2ax2a f.22_ §agr |- |.._ |20 || ___|.__[195 |suepLy -
No..44 x4 bz 43S oMoy {8 hes_|sueey

No. 44 2ax2a 12 ags | | (140 Y |t T hes lsweery

No, 44 24x24]12 1305 | | |10 185_ | SUPPLY___

Mo, 44 i ol e R B A e 15 | SUPRLY

_No. 44 |24x24 [ 10 f 330 | | ___|141_ cemme | 115 | SUPPLY

No. 44 24x24 1 12 | N/A | MAY || ___|930_[RETURN. \
_No. 44 24x24 114 IN/A | e LY . |- [600_JRETURN \
No. 44 24x24 114 IN/A L 1| A =9 - 320 | RETURN |
No. 44 pA12(RAG [24x24 |14 fwa | | |l || 250_ | RETURN_____
No.44 l24x24 114 U N/l 1| n/n 110 | RETURN
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UUTLET MANUFACTURER ___ T 1tus TEST ArrAnATUs _Alnor Test Hood
Anei ouILEs nesian Revised - rinnL
i :o::— -l-:l-l‘l’.b nr:’ _N.eck ."' " —vn;' 5 b V:‘”;"' = TN \;u rr-o: i g o
LeJeune, Rm, |CRT | 'C0 ™ |2a%24 | 4 | 770" P D e e T TR
No. 36 LRZ [ CD  [2ax2a |14 | 770 | 361 485 | SUPPLY
No: 36 '. |LR3|CD |24x24 LR R0 e asr || 1___|490 | suepry
No. 36 LR4 | cD  |2ax24 | 14 | 770 o p%61 ) | o uidac0 | sueeLy
No. .36 LR5 |CD_ _[24x24_ | 14 | 770 | . 61 .. i B oD | _SUBPLY -
No. 36 |LR6 | CD_ [24x24 ; 14 | 770 361. .1 490§ _SUPPLY ___
No. 36 ___ JLRZ | cn__ [24x24.] 14_| 770 ok e NN X 2 270} _RETURN ____
No. 36 |LRB.|RAG. [24x24.|_18_|| N/A el ... | WA 320_§ _RETURN____
Mo. 36 fira |rac. foaxea |as nalo | Iwval || 440_| _RETURN____
Nn,_zﬁ.-__JLRm- RAG. [24x24 |_.18. | N/A | WA L. . 1 .| 600..|._RETURN.__
' ILeJeune 45 f[i' qb" : 36x36 6}'&5'6 3015 : i 1415 '_ *: 250 SUPBLY
«obby No. 312 SAG Pax30 |18 pM/SEE S lwa | |1 if1100 _RETURN -
No. 35 LL3 [RAG P4x30 (18 U N/AL - Iwa || 1 |740 | ReTurn
No. 35 LLA_|SWG_l12x8_ [12xgf 605 | | . (2844 _|__ 1 630_) _SuppLY
No. 35 LL5 |SWG_f12x8 | 8_f305 | | __|143 210 | _suePLY
No. 35 LL6 |SWG l12x8 _. | 8 _||.305 | __ . N RLEN P N e LT _SUPPLY
No. 35, |LLZ_|RAG_P4x24_[24xed n/a || ___|WA 1200 | _RETURN "
Ledeune Bar (81 |C_ paxsz 17xzd 2230| ~ ) "\ 'jopel | T | | 080 | TSuppLY
No. 37 FBZ RAG _ pAx28 (18 INAL N Iwald | .| 440_| _EXHAUST
I
NEMARKS:
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< CON'TECH
, AR OUTLET:

CONSTRUCTION TECHNOLOGY, INC. ‘ , 'rES'l' I‘EPORI‘

: Air Outlets - Federal Lobby
enoJecT__Renovate Building 2615 Camp LeJeune sysiem _Cashiers - Toilets - Board Room

S — e Sei e semamee

QUTLET MANUFACTURER _Titus TEST APPARATUS _Alnor Test Hood

AeEA . ounLes O sIan Revised - rinng
SEavEs i epageste: S e 445 & o, ; e ol NEASANNS
no. [ avee | e [Neck | eres b A0 MATHE A vie | erea
=orTareares s acsswr: == B AT JOF L BN B B T B A ket ScpoguLy ST L % o AL

sy | {2s0 | sueeLy
Lobby 01 _ | FL2(RAG _ [ 24x48 [2axadf 'N/A_ (/A " (1200 | ReTuRN

Federal __ | FL1|CD _ | 30x3g |30%34 2730

Cashier 101C2 |C) JoRSeRbeRams ) I |wa)l = e | 180 | SUPPLY

— e e e et c——

Wanc112 |ucifer_ |exa e feo [ | | | T 30__ | ExwAusT

Cashier 09 | C1 |CD | Haxos| 35 ‘zss | 150 320 | SUPPLY
12

corridor_of crifeo__ f24x2af 10 f1so | | {7 1T e SuPPLY
No. 07 |CR2icD | 24x24f 10 f1s0 | | (79 | ). 260 FSuPPmLY ;- -
Momens_TLT. | Wi_[CD._ | 24x24| 10 [ 440 | _ 231 0 f—_ .30 ]suepLy

Moo 17 (W2 |ER_ 24x24 .1 f4a0 | .. _ | (1734 1 d .. |1ao |exwaust

Homens | W3_|CO._ |.24x24| 10 440 | . |.  |231 | _ e .. 1290 ISUPPLY -

tounge No.16y W4_[ER |1 24x24 [18_{440.| | _ (173 0___ | ___|___[1s0_|exvaust -
Wens Tie. | WL |eb | 2| T2 2oy | | S T e | sy
No. 20 M2 [CD_ | 24x24112 293 | | |1s3 300 psuePLy
No. 20 M3_[ER _ [18x12]| 8 §270 | e 206 ]| |1s0_| ExnausT
No..20 M4 ferR fu8xiz)| 8 §360 | | __ _f42) | | [150 |exwmust -

Board Room | BR1|CD |9x0 | 70 Il 155 T et 3o SUPPLY
sl az|oo—|o— |- ige | — || 35 A= [— |- |10 | subLy_.__

_ . A0, 3155 R come| e o [130_ | sUPPLY____
No, 14 BRIICO 1999 120 IS8} - -|gp- R 1 130_ | suepLy

No. 14 BR4|CD 9x9 10 _J| 155 81: SUPPLY
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I.

1

Design Review

A.

General:

A review has been made of the contract plans and
specifications in an attempt to determine if all
components such as balancing valves, thermometers
pressure gauges, etc. have been provided in the
contract documents to adequately test and balance
the HVAC system(s).

Description of Facility:

1.

This facility is an Officers Club used for
recreational purposes and is complete with Club
Room - Bars, Dining Areas, large kitchen, Pool-
Snack Bar, Barber Shop, Office Areas and
Conference Rooms. It is used for social
gatherings, banquets, food and drink service,
and is normally open six days a week, Tuesday
through Sunday.

Building - This facility is a one story

building with a small second floor office which
is really unaffected by the TAB work. The
building is basically a wood frame brick veneer
structure having an underfloor crawl space and a
relatively large attic space. Both the attic
and crawl space are cross ventilated by natural
draft ventilation and the ceilings are insulated
with various types of blown in and blanket type
insulations.

HVAC Systems - The basic system is a four pipe
chilled and hot water system which is served by
two centrifugal water chillers and two high
pressure steam boilers along with hot water
converters. The original space heating was
provided by steam radiators and a couple of
those still exist in this building. No new work
has been performed on the chilled water system
except the extension of some piping to the new
AHU cooling coils. The heating piping system
however was modified quite extensively because
of asbestos insulation that had been used on the
hot water and steam lines. A new deaerator and
condensate feed water system was provided for
the existing steam boilers and new steam to hot
water converters and pumps were provided for
generating building hot water. Two new air
handling units were provided for the Snack Bar
and Food Storage Areas and a new make-up air
handler was provided for the existing range hood
in the Snack Bar. Six new chilled - hot water






fan coil units were provided for various offices
the Break Room and the Barber Shop. Six new
roof exhaust fans were provided for added
ventilation and the balance of the HVAC system
utilizes existing AHU, fans, etc. that have been
unchanged under this contract. All air
distribution is from over head and most of the
chilled, steam and hot water piping is below the
floor in the crawl space. All controls involved
in this part of the contract are pneumatic and
will be reused except where specifically called
for otherwise.

Changed Conditions:

The building was originally constructed in the
forties but has been expanded and added onto on
several different occasions. Consequently the HVAC
systems were modified with each of these additions.
During the seventies there was a major change to the
HVAC system and a central chilled water system was
installed and possibly the boiler plant modified.
New air handling equipment was provided in most
areas and the duct system was also changed.
Unfortunately however all those changes were not
reflected in the plans and specifications in this
contract and as a result a considerable amount of
actual installed conditions exist that are not shown
in the contract documents. In a co-operative spirit
the owner and the contractor worked together in
making the necessary modifications to install the
system (primarily duct work changes). In some cases
air outlets were eliminated or changed while in
other areas outlets were added. In any event the
changes were never intended to reduce or add to the
total air being delivered to a given space. The
criteria emphasized by the ROIC is that the finished
product produce the heating and cooling effects as
designed. However, it was agreed that if necessary
the air flow could very from the plan CFM as much as
15 - 20 percent if absolutely necessary, but that
the TAB contractor would strive to match the CFM to
+ 10 percent.

Assumptions:

1. It has been assumed that the existing air
handling equipment which is being reused is
adequate to produce the CFM as shown on the
drawings.

2. It has been assumed that the filters on the
reused equipment will be replaced by the owner
before TAB is started.






It is assumed that all existing AHU coil are
balanced and no work will be required on those
units.

It is assumed that the existing pumps have the
capacity and pressures required to deliver the
specified flow rates to the equipment.

*It is assumed that all existing fan systems
which were not changed under this contract will
be functioning but the time the TAB operations
begin.

*It is assumed that all existing control systems
which were not changed under this contract will
be functioning but the time the TAB operations
begin.

It is assumed that the contractor shall have
full access during normal working hours to all
areas involved for the TAB operations.

*The owner's maintenance personnel will have to
perform some work before these systems are fully
functionable.

Adequacy of Design:

1%

General - The plans and specifications (along
with on - site observations) have been reviewed
for the purpose of determining the procedures
and techniques required for proper TAB of the
various air and water systems.** (No
consideration have been given to testing steam
rates, condensate flow rates, quality of steanm,
etc., as that is beyond this contract
requirements.

No evaluations of heating and cooling loads, air
and water flows requirements, comfort
conditions, etc., have been made as it is
assumed these were taken into consideration by
the design engineer. From our examinations we
have found several pieces of equipment that have
not been provided with sufficient devices to
enable an accurate TAB. While close TAB can be
performed, which is common in the commercial
industry, the requirements to meet NEBB or AABC
standards will require that additional devices
be added as follows:

a) Balancing Value and Flow Sensors on
steam/hot water converter






b)

c)

d)

e)

Balancing Value and Flow Sensors on the
Fan/Coil Units

Flow Orfices in the Steam supply to the
hot water converter

Pressure Gage connections on Pumps and
steam/hot water converter

Thermometer wells on steam/hot water
converter






Work Strategy and Schedule:

All TAB shall be done in full accordance with the NEBB
.methods and procedures as hereinafter described.

It has been assumed by the TAB contractor that the
existing equipment and the chilled and heating water
systems were and are operating satisfactorily and
performing as intended. No adjustments to any of this
equipment (nor cost for same) has been included in this
TAB Contractors price. Any adjustments that may be
required on the existing equipment shall be performed by
others or as an add to the TAB Contract.

The TAB work shall be performed on each of the air
distribution systems (meaning all areas supplied by
individual air handling system) as a separate TAB
operation. This method will provide the least amount of
disturbance to the activities of the facility while
performing the TAB. However, because each air handling
units serves several different rooms it will not be
possible to completely balance one room at a time. The
TAB work may require re-balancing each room two or three
times until the entire system is balanced. The areas
constituting systems are as follows:

Equipment Area Served TAB Time
New AHU-1: Dry Storage 67 1 Day

*Air Apparatus Test
*Apparatus Coil Test
*Air Outlet Test

New AHU-2: Womens Dressing Room 81 1 Day
*Air Apparatus Test Womens Toilet 82
*Apparatus Coil Test Mens Toilet 80
*Air Outlet Test Mens Dressing Room 83
Snack Bar 84

Existing AHU-1: International Bar 19 2 Days
*Air Outlet Test

Existing AHU-2: Den Bar 30 1 Day
*Air Outlet Test

Existing AHU-3: Carolina Room 42 1 Day
*Air Outlet Test Dining Room 43

Cafeteria 44
Service Corridor 41

Existing AHU-4: Lejeune Room Lobby 35 2 Days
*Air Outlet Test Lejeune Room 36
Lejeune Room Bar 37







Equipment

Existing AHU-5:
*Air Outlet Test

Existing AHU-6:
*Air Outlet Test

Existing AHU-7:
*Air Outlet Test

Existing AHU-8:
*¥*Air Outlet Test

New FC #1:
*Terminal Unit Coil

New FC #2:
*Terminal Unit Coil

New FC #3:
*Terminal Unit Coil

New FC #3:
*Terminal Unit Coil

New FC #4:
*Terminal Unit Coil

New FC #5:
*Terminal Unit Coil

New F-1:
*Fan Test

New F-2:
*Fan Test

New F-3:
*Terminal Unit Coil

*Fan Test

Area Served

OCW Room 18
Regimental Room 24

Federal Lobby 01
Corridor 07
Cashier Waiting 08
Cashier 09

Cashier 10
Passage 11

Mens Toilet 13
Women's Lounge 16
Women's Toilet 19
Board Room 14

Office 28

Office 29
Corridor 26

Tower Room 201
Office 57

Test

Office 60
Test

Breakroom 48
Test

Prep Room 47
Test

Office 103
Test

Barber Shop 27
Test

Men's Toilet 83
Ice Room 49
Women's Toilet 54

Test

Boiler Room 51

TAB Time

1 Day

2 Days

1 Day

N/A

1/2 Day

1/2 Day

1/2 Day

1/2 Day

1/2 Day

1/2 Day

1/4 Day

1/4 Day

1/4 Day

1/4 Day






Equipment Area Served TAB Time

New F-5: Boiler Room 51 1/4 Day
*Fan Test

New F-6: Men's Toilet 13 1/4 Day
*Fan Test

H. W. Converter: Mechanical Room 87 1/4 Day
*Heat Exchanger/Converter Test

Htg. Water Pump Mechanical Room 87 1/2 Day
*Pump Test

*See Test Report Forms Section III for Extent of Test.

Rev. 81588

The total estimated time for the TAB work is less than
three weeks (17 working days) and hopefully that can be
reduced to about a week and a half. In any event there
are no restrictions on the TAB work as to which systems
are tested first. To accommodate the owners needs, we
suggest that they select the order in which the TAB is to
progress so as not to interfere with the club operations.
They should keep in mind that all TAB work has been
estimated on normal eight hour work days. All TAB can
start as early as August 15, 1988 and hopefully no later
than August 17, 1988.

The instruments that will be used for the TAB work is
listed in section III.






BASIC AIR SYSTEM
PROCEDURES

“Preliminary TAB Procedures” covered

the preparation work that must be done prior to the
aclual tesling, adjusting and balancing of the HVAC
systems on the job. Conlirm that these preliminary
procedures have been compleled and check lists
prepared. Do not altempt to balance a system before
Installation has been completed and the system is
ready (o be balanced.

The following balancing procedures are basic lo all
types of air systems.

1) Conlirm that every item alfecting the aitflow of a

2)

3)

u?)

5)

6)

duct system is ready for the TAB work, such as
doors and windows being closed, ceiling tiles
(return plenums) in place, etc.

Conlfirm that all automatic control devices will
not alfect TAB operations.

Eslablish the conditions for the maximum de-
mand system airflow which generally is a cool-
ing application with “welled"” coils.

Alter verilying that all dampers are open or set,
start all related systems (return, exhaust, elc.)
and the system being balanced with each fan
running al the design speed (rpm). Upon start-
ing each fan, immediately check the fan molor
amperage. |f the amperage exceeds the
nameplate full load amperage, stop the fan to
detlermine the cause or o make the necessary
adjustments.

Again conlirm that all related system fans serv-
ing each area within the space being balanced
are operating. I they are not, pressure difler-
ences, and infiltration or exfiltration may ad-
versely influence the balancing. Preliminary
studies will have revealed whether or not the
supply air quantity exceeds the exhauslt air
quantily from each area. Posilive and negalive
pressure zones should be identilied at the time.

If a supply fan i$ connected to a return air sys-
tem and an oulside air intake, set all sysltem

7)

8)

AIR SYSTEM TAB

PROCEDURES

dampers and controls so that the air returned
from the individual rooms or areas supplied by
the fan is returned via the relaled return air

system. Normally this will involve opening an .

oulside air damper to the minimum position,
opening the return air damper, and closing
exhausl air and relief air dampers. (If the supply
syslem is associated with a return air system
and/or an independent exhaust system, make
sure all syslems are operating and all related
dampers are sel properly for the TAB work.)

Determine the volume of air being moved by the
supply fan at design rpm by one or more of the
following methods. The preferred methods are:

a) Pitot tube traverse of main duct or ducls
leaving fan dischaige. !

b) Fan curves or fan performance charts. In
order to determine fan performance using a
fan curve or performance rating chart, it is
necessary lo take amperage and voltage
readings. In addition, a slatic pressure read-
ing across the fan must be recorded. With
rpm, brake horsepower and static pressure,
the fan manufacturer's data sheels may be
used to determine the airflow (cfm) pre-
dicted by the manufacturer. Fan perfor-
mance can ddviate from the fan curves if
“system elfect” or other system installation
delects are present.

c) Anemomeler readings across coils, filters,
and/or dampers on the Intake side of the fan.
This is used as an approximation only.

If the supply fan volume is not within plus or
minus 10% of the design capacity at design
rpm, determine the reason by reviewing all sys-
tem conditions, procedures and recorded data.
Check and record the air pressure drop across
filters, ‘coils, eliminators, sound traps, elc., lo
see if excessive loss Is occurring. Particularly

study duct and casing conditions at the fan inlet

and oullel.







factor prescribed by the manufacturer for use in
conjunction with a particular instruments In addi-
tion it is often necessary that the readings at
grilles, registers and diffusers be taken in a
position or number of positions prescribed by
the manulaclurer of the air terminal device.

9) Repeal the branch balancing until the system is
in balance.

10) Verify the fan capacity and operaling conditions
again and make a final adjustment in the fan
drive if necessary.

11) Verify the action of all fan shut down controls
and airflow salely controls.

12) Prepare all TAB report forms and submit as
required, using the NEBB TAB Report Forms

SYSTEMS WITH
ECONOMIZERS

Follow the procedures oullined for exhaust and re-
turn air systems, except that after balancing the re-
turn air system and the associaled supply air system
the return air damper should be closed; the inter-
locked relief air damper should be opened and the
return air fan, stalic pressure and cim should be

checked again. If it is necessary lo increase the sys-

tem static pressure and thereby reduce the fan cfm,
adjuslt the exhaust air damper to a maximum position
less than 100% open. Recheck the supply fan airflow
wilh the outside air damper in the full open position.

OPTIONAL PROCEDURE —
RATIO METHOD

This is one of the other methods that has been de-
veloped for the final balancing process.

1) Do all of the TAB work under Sub-Section A of
this section entitled “Basic Air System Proce-
dures.”

2) Then begin balancing the supply system al the
last oullet of the branch farthest from the fan
(branch number 1). This is outlet number 1,
number 2 is the next to the last oullet. Measure
the airflow at outlet number 1 (Q,,) and compare

3

~—

4)

5)

6)

7)

8)

9)

with the design airflow for that outlet (Qy), re-
cord the ratio (Q,/Qy).

Measure the airflow at outlet number 2 and

determine the ratio (Q,/(34). Compare (Q,/Qq)2 .
and (Q,/Q4),. If these rations are not within 10%

of each other, adjust outlet number 2 to bring

ratios into closer agreement. DO NOT ADJUST '

OUTLET NUMBER 1.

Measure and again determine (Q,/Q,), and
(Q../Qq), and compare. If these are within 10%
of each other, no further adjustment is neces-
sary. Proceed lo outlet number 3.

Determine (Q,/Qq4), and compare with (Q,/
Qq).. If necessary, adjust number 3 so that
(Q,/Qq)s and (Q,/Q,), do not vary by more than
10%. DO NOT ADJUST OUTLE'TS 1 OR.2.
(Adjustinent of oullet 3 automatically changes
the (Q,/Qy) ratios of outlets 2 and 1. The ratios
for all these oullets approach the same values.
For this reason, once the outlet has been ad-
justed, it does not require further adjustment).

Proceed to outlet number 4 and adjust to obtain
agreement belween (Q./Qq4)s and (Q,n/Qqg)s.

Aller all oullets on branch number 1 are pro-
pottionalely balanced to each other, proceed to
branch number 2, elc.

Upon completion of proportionate balancing of _
all outlets, the branches should be pro-
portionalely balarced.

Select lypical outlets in branches 1 and 2. .."
adjust number 2 branch damper to obtain
agreement of the (Q,/Q,) ratios for the two
branches. Proceed in like manner to obtain
agreement between branches 2 and 3, 3 and 4,
elc.

Upon completion of proportionate balancing,
recheck the fan.capacity. Adjust the fan.speed
to obtain a (Q,,/Q,) ratio of 1.0 at the fan. Since

the system has been proportionately adjusted, .,

the (Q,/Q,) ratio throughout the system will be
approximately 1.0 and the flow from each outlet
will be the design airflow rate.

Then conlinue the TAB work by following all of
the steps listed under Sub-Section B—"Supply
Air Syslems Procedures” found earlier in this
seclion.

-






AIR SYSTEM TAB PROCEDURES

!

10) Verify the action of all fan control dampers, shut
down controls, and airflow safely controls.

11) Prepare the required report forms and submit
as required. (See Section VIl report forms).

EXHAUST AND RETURN
AIR SYSTEMS

1) Follow paragraphs 1 through 6 for exhaust air

fans and 1 through 7 for return air fans under

: Sub-Section A—"Basic Air System Proce-

- - dures” in this seclion for return and exhaust
syslems.

2) Determine the volume of air being moved by the
exhausl fan at design rpm by one or more of the
following methods. The preferred methods are:

a) Pilot tube transverse of the main duct or the
ducts leaving the fan discharge.

b) Fan curves or fan performance charts. In
order to determine the fan performance
using a fan curve or performance raling
charl, itis necessary lo take amperage and
voltage readings and calculate the brake
horsepower. In addilion, a slalic pressure
reading across the fan must be recorded.

g
IGURE

-

5-4 Oblaining an Exhaust Duct Velocily

With rpm, brake horsepower and stalic
pressure readings, the fan manufacturers'’
data sheels may be used lo determine the
airflow (cfm) predicted by the manufacturer
unless "system eliect” reduces the fan per-
formance. %!

3) The exhaust fan volume should be within plus

or minus 10% of the design capacily if earlier
procedures were followed. Check and record
the air pressure drop across filters, coils, sound
traps, elc., lo see if any excessive loss is occur-
ring. Particularly study duct and casing condi-
tions at the fan inlet and oullet for possible
“syslem effect.”
Record the exhaust fan suction stalic pressure,
fan discharge ‘stalic- pressure, amperage ‘and
clm measurements. Conlirm thal the fan motor
is nol overloaded.

4) If the exhaust system is being balanced prior to
the supply and/or return air systems, and if the
measured cIm of any fan varies more than 10%
from design, adjust the drive of each fan lo
obtain the approximate required cfm. Make a
preliminary survey, spot checking air circulation
in various areas. Then follow all procedures as
oullined, after the exhauslt system is balanced.

5) Make Pilot tube traverse on all main exhaust
ducts to determine the air distribution. Investi-
gale any branch thal is very low in capacily to
make sure that no blockage exists.

6) Adjustthe volume dampers in the main ducls lo
the approximale airflow (cfim) requirement.

7) Withoul adjusting any lerminal device, measure
and record thé aitflow at each terminal in the
system. Study any radical conditions and cor-
rect them. Plan the sequence of branch balanc-
ing. In making the adjustments, it is preferable
to adjust the branch dampers rather than the
dampers al the air terminals. If the throtlling
process al a terminal damper involves closing
the damper to a degree that generates noise,
ovaluate the design clim capacity of the branch
duct,

8) Working from the branch with the highest mea-
sured capacily to the branch wilh the lowest
measured capacily, make adjustments in each
bianch. Beginning with the inlet device most

ciistant from the branch and proceeding toward °

the branch connection, make volume adjust-
menls at each lerminal as necessary. It is im-
portant that the balancer use the proper "k"






l ‘AIR SYSTEM TAB PROCEDURES
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FIGURE 5-1 Making a Pitot Tube Traverse

9) Using the methods oullined in paragraph 8, de-
termine the volume of air being handled by a
relurn air fan if used; and/or if a central exhaust
fan syslem is used, also delermine the cfm

h being handled by the exhaust fan. If several

' exhaust fans, such as power roof ventilalors,

are related lo a particular supply system, it is

generally not necessary lo measure the clim of

each such exhaust fan unlil after the supply
syslem is balanced.

. 10) If the measured cfm of the supply fan, central
return fan or central exhausl fan varies more
than 10% from design, adjust the drive of each
fan to obtain approximate required cfim. Record
fan suction static pressure, lan discharge stalic
pressure, amperage and cfm measurements.
Conlirm that the fan motor is not overloaded.

11) Make a preliminary survey, spot checking air ) S
circulation in various rooms. With knowledge of Flel‘nE 5-2 Return Alr Measurement with a
the supply and relurn or exhaust fan volumes ~ Rotaling Vane Anemometer
and data from the survey, delermine if the re- - and Stop Waltch .

‘ o .






turn or exhaust air system should be balanced
before the supply system is balancedsIn con-
tinuation of this procedural oulline, the assump-
tion is made thal the supply system balance is
nol restrained by the exhaust system or the
relurn system. However, if such a restraint
exists, lhe exhaust system or the return system
should be balanced prior to continuing with the
supply syslem.

12) The system is considered balanced in accor-

dance with these procedural standards when
the value of the air quantily of eachinletor otflet
device is mcasured and found to be within 10%
of the design air quantities (unless there are
reasons beyond the control of the TAB firm—

SUPPLY AIR SYSTEM
PROCEDURES

1) Make Pilot tube traverses on all main supply

and major branch duclts to determine the air
distribution. Investigale any branch that is very
low in capacily lo make sure thal no blockage
exists.

2) Adjust the volume dampers in the main and

3)

4)

branch ducls lo the approximate airflow (cfim)
requirement.

Without adjusling any terminal device, measure
and record the airflow at each terminal in the
system. Study any radical conditions and cor-
recl them. Plan the sequence of branch balanc-
ing. In making adjustments, it is preferable to
adjust volume dampers instead of extractors (if
installed) or the dampers at the air terminals. If
the throttling process at the terminal involves
closing the damper to a degree that generates
noise, evaluale the design cfm capacity of
branch duct.

Working from the branch with the highest mea-
sured capacily to the branch with the lowest
measured capacity, make adjustments in each
branch. Beginning with the outlet most distant
from the branch conneclion and proceeding to-
ward the branch conneclion, make volume ad-
justments at each lerminal as necessary. It is
important that the balancer uses the proper "k"
factor prescribed by the air terminal manufac-
turer for use in conjuncfion with a particular
instrument. In addition, it is necessary that the
readings at grilles, registers and diffusers be

FIGURE 5-3

5)

6)

7)

8)

9)

LaalTE ss'tRRIes

A Typical Air Diffuser Velocity
Measurement

taken in a position or number of positions pre-

scribed by the manufacturer of the air terminal

device.

Repeat the branch balancing until the systemis
in balance.

Verify the fan capacity and operating conditions
again and make a final adjustment in the fan
drive if necessary. ;

If the supply syster was tested with dry coil
surfaces and is designed for dehumidification,
the air quantily should be checked under wel
coil conditions. (Often, 10% to 15% Is added to
the system setting instead.)

After the supply and return exhaust systems are

o

balanced, the supply fan capacity should be -

checked with 100% outside air operation if this
alternalive is included in system design. Appro-
priate damper adjustments should be made if
necessary. '

‘o

Record the “as balanced” state of the system

on report forms for all terminals and duct ap-

paralus.

’






HYDRONIC SYSTEM TAB PROCEDURES

achieve balanced circuits as outlined above.
Vent air from low flow circuits. Then proceed
with the balancing of terminal units on each
branch.

1) Belore adjusling any balancing cocks al
equipment (i.e. chillers, boilers, hot water ex-
changers, hot water coils, chilled waler coils,
elc.) take a complete sel of pressure drop
readings through all equipment and compare
this with submillal data readings. Determine
which are high and which are low in water flow.
Vent air from low flow circuils or unils and
retake readings.

“m) Make a preliminary adjustment to the balanc-
ing cocks on all units with high water flow,
selling each aboul 10% higher than the design
flow rale.

. n) Take another complele set of pressure, vol-
tage and ampere readings on all pumips in the
system. I system lotal flow has [allen below
design flow, open the balancing cock at each
pump discharge to bring the flow al each pump

FIGURE 7-1 Balancing a Hydronic Coll

within 105—110% ol the design reading (if
pump capacily permils).

0) Make another adjustment to the balancing
cocks on all units which have readings more
than 10% above design flow in order to in-
crease the flow through those units with less
than design flow.

p) Repeat this process until the actual fluid flow
through each piece of equipment is within plus
or minus 10% of the design flow.

q) Make a final check of the pressures and the
flow of all pump and equipment; of the vollage
and amperage of pump motors; and record the
data.

1 Wheie three-way automalic valves are used,
sel all bypass line balancing cocks to restrict
the bypassed waler lo 90% of the maximum
demand through coils, heat exchangers and
olher terminal unils,

s)  Allerall TAR work has heen completed and the
syslems are operaling within plus or minus
10% ol design llow, mark or score all balancing
cocks, gauges, and thermomelers al final set
poinlts and/or range of operation.

1) Verify the action of all water ﬂow salety shut-
down controls.

u) Prepare all TAB report forms and submit as
required using the NEBB TAB Reporl Forms
found in Section VI,

B SPECIFIC SYSTEM
PROCEDURES

The basic steps previously outlined in Section A form

the foundation for balancing any hydronic distribution
system. In this section, additional or special balanc-
ing procedures are oullined for use in balancing spe-
cilic lypes ol hydronic distribution systems. All
equipment such as boilers, chillers, compres-
sors, elc., shall be started by, and operated
under, the supervision of the responsible con-
tractor or the designated authority.

1. Chilled and/or Hot Waler
Syslems
a) Water flow through chillers, coils and heat ex-

WA,

changers should be delermined by using man-






BASIC HYDRONIC
SYSTEM PROCEDURES

“Preliminary TAB Procedures” oullined

the preparation work that must be done prior to the
actual on the job testing, adjusting, and balancing of
HVAC systems. Confirm that these preliminary pro-
cedures have been completed and that check lists
have been prepared. The following balancing proce-
dures are basic to all types of hydronic distribution
syslems:

a)

b)

c)

d)

e)

N

9)

h)

Check to see that all necessary eleclrical wir-
ing, temperalure control systems, all related
hydronic piping circuits and all related ducl
systems are functional and that any necessary
compensation for seasonal effects have been
made.

Determine that all hydronic systems have been
cleaned, flushed, refilled and venled as re-
quired.

Determine that all manual valves are open, or
presel as required and all temperature control
(automatic) valves are in the normal position.

Determine that all automatically controlled de-
vices in the piping or ducl systems will not
adversely affect the balancing procedures.

With the pump(s) off, observe and record sys-
tem static pressure at the pump(s).

Place the systems into operation, check that all
air has been vented from the piping systems
and allow flow conditions lo stabilize.

Record the operaling vollage and amperage;
and compare these with nameplate ratings and
thermal overload healer ralings.

Record the speed of each pump.

With the pump(s) running, slowly close the
balancing cock in pump discharge piping and
record discharge and suction pressures at the

k)

HYDRONIC SYSTEM TAB —

PROCEDURES

pump gauge conneclions. Using shut-off head,

determine and verily each actual pump operat-

ing curve and the size of each impeller. Com-
pare this data with the submittal data curves. If
the test point falls on the design curve, proceed -
to the next step; if not, plot a new curve parallel
with other curves on the chart, from zero flow to

maximum flow. Make sure the test readings

were taken corteclly before plotling a new
curve. Preferably one gauge should be used to,
read differential pressure. It is important that

gauge readings should be corrected to center

line elevation of the pump.

Open the discharge balancing cock slowlytoa
fully open position; record the discharge pres-
sure, suclion pressure and total head. Using
the total head, read the system waler flow from -
the corrected pump curve established in para-
graph i. :

If the total head is higher than the design lotal

head, the waler flow will be lower than de-.*’

signed. If the total head is less than design,
water flow will be greater; in which case the
pump discharge pressure should be increased
by partially closing the balancing cock until the
system water flow is approximately 110% of

design. Record the pressures and the water -

flow. Check pump motor voltage and amper-
age and record. This data should still be within
the molor nameplate ratings. Start any secon-
dary systein pumps and readjust the balancing
cock in the primary circuit pump discharge pip-
ing if necessaty. Again record all readings.

If orifice plates, venturi meters or other flow
measuring or control devices have been
provided in the water piping system, an initial
recording of the flow distribution throughout
the system should be made without making
any adjustments. Alter studying the system,
adjus! the distribution branches or risers lo






a)

b)

c)

d)

e)

Heat Exchangers/Converters

Determine the water flow pressure drop
through the heat exchanger for all circuits. With
the measured dilferential pressure, the water
flow can be obltained from the manulacturer's
submiltal data curves or tables. Adjust the
waler flow to design conditions and record llow
dala.

Alter all lan-coil type unils have been put into
operation with automatic valves fully open with
flow through the coil and alter the specified air
flow over the coil has been established, take
the enlering and leaving waler temperatures of
all chillers, boilers, heat exchangers and coils.
Record and compare with design conditions.

Hydronic syslems installed with reverse relurn
piping are less diflicull to balahce than the
direct return syslems. When fan-coil unils or
induction units are used with a direct return
piping system, a flow check through each tnit
should be made, eilher lrom pressure readings
across each coil, Irom pressure readings
across each aulomalic walter valve, or (as a
last resort) from waler or air lemperature
readings lo delermine the waler llow rale.

When a reverse return riser piping system is
Installed, a distribution flow check can be made
al each sel ol risers to make sure that all units
are gelling a sullicient llow of waler lo provide
a fairly uniform water temperature diop. All
automalic waler valves musl be open aned coils
muslt have the raled air llow when waler lem-
peralures are being checked.

When syslems have mulliple coil seclions,
where possible, balance the waler llow by es-
tablishing the design water pressure drop
across each coil. An allernale method of
balancing mulliple seclions involves reading
the water temperatures al each coil seclion
with insertion thermometers or contaclt
pyromeler probes, and adjusling the balancing
cocks until uniform temperalures are obtained.

Complete the procedures by recording the
data, preparing the TAB repott lorms for sub-
miltal as required.

~

)

c)

9)

h) .

SECTION

Take inlet and outlet waler temperature
readings; check against design dala and rec-
ord. :

Check and record the steam pressure; check
the selting and/or operalion of automalic tem-
perature control valves, sall-contained control
valves, or pressure reducing valves where
used. Record data i

Iecord salety valve sellings.
Conlirm that all pipe strainers are clean.
Check the operation of steam lraps.

Check all automatic air vents; manually vent air
as required. 3
Follow the basic procedures for hot waler or
sleam system TAB woik for itlems nol men-
tioned above.
5 L]

Prepare all repott forms and submit as re-
quired.







Simulated Loads:

All simulated loads shall be accomplished through the
control system by introducing a false signal to the
control device. The controls on this job are existing
pneumatic, and the various control valves can be
positioned either fully open or closed by varying the
control air pressure to the device with a pneumatic
"squeeze bulb". The performance of the equipment can
then be measured to establish its full heating and
cooling capabilities.

Seasonal Restrictions:

The TAB work will be performed during August which will
fully demonstrate the equipment performance during the
cooling season. At some time during the month of
February, the TAB Contractor shall re-visit the facility
and check the operation of the new HVAC equipment (AHU-1,
AHU-2, FC-1 thru FC-5, steam-HW converter). All
necessary adjustments and TAB should be accomplished
within a three day period. It should be noted that the
TAB contractor is not responsible for the TAB of the
existing equipment but will so notify the owner of any
problems found so discovered.

Support Required:

During the TAB operations the TAB Contractor will need
assistance from the government personnel the chiller and
boiler plants and some one to make necessary adjustments
to the existing AHU that may be required.
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1. General: The Prime Contractor shall be responsible for the com-
pletion of all HVAC equipment start-up and debugging prior to the
TAB engineer arriving at the project site to begin the TAB work.
Prior to TAB engineer's arrival, the Prime Contractor shall, at a
minimum ensure completion of the applicable inspections and work
items listed in the "Preliminary TAB Procedures" under paragraphs
"Air Distribution System Inspection" and "Hydronic Distribution
System Inspection".

rrdype

FIGUHE 3-2 Instrinments Selecied for a TAR Job (Sample)

23 Inspection Procedures:

AIR DISTRIBUTION 1) the equipment malches the test report
SYSTEM INSPFCTION data such as model number, make, ar-

2 : . rangemen!, class, elc.
Belore starling the TAB ficld procedures, the G.C,:

team must make the necessary inspections o con- 2) the lest report forms have had dala en-
firm that the HVAC syslems and equipment have lered that musl be obtained from the field.
been complelely installed, that the proper electrical 3) all bearings have been lubricated.
conneclions have been made to the equipment, that :
aulomalic conlrols are complete and operaling, and 4) fan wheels clear the housings: improper
that the building is completely closed in with win- clearance can greally affec lani porion
dows, doors, elc. The lollowing is a list of items to n_mncc. ospeclally backward inclined
conlirm that all of the systems have been installed in fana, 3%, )
accordance with the conlract documents and are 5) all loreign objecls have been removed
ready lo be lested, adjusted, and balanced. Check (such as shipping resltraints, and protec-
Iisl(enc]osed)cnn be used as a guide by the TAD live covers).
o 6) molors have been fastened securely.
1. Fans 7) all drives have been correclly aligned. :
a) Conlirm that all HVAC equipment conlaining 8) all drive set screws and keyways are light.

fans has been checked and verily that: 9) bell lensions are correct.

—






- PRELIMINARY TAB PROCEDURES

o

.\

b)

. €)

e)

10) fan rotations are in the correct direction.

11) duct flexible conneclions are properly
aligned.

12) vibration Isolators or bases have the cor-
reclt springs and in the right location, and
that the springs are not collapsed. Be sure
that the equipment is level and the
Isolators are not totally compressed.
Check for the proper seismic restraints if
they are required.

13) the slalic pressure conltrols are free and

operable.

14) equipment drains are piped and lrapped
propetly (no moisture present). -

15) all equipment is clean and fioe of paper,
rags, and other loreign objecls.

16) belt guards are in place.

Locale all start-slop, disconnect swilches,
electrical intetlocks and molor starters. Molor
starlers must be equipped with thermal over-
load prolection of the proper size.

Check availability of electiical power to all
equipment needed for TAB work and vetify the
compalibility of vollage and phase.

Inspect the fan inlet and discharge of fan
plenums for obstructions such as pipes or con-
duits, and for closed or unconnected dampers
such as relurn air, fire or smoke dampers.
CLOSED DAMPEIRS CAN CAUSE PLENUM
AND DUCTWORK FAILURE OR COLLAPSE.

Conlirm air filter size, type, number and conli-
tion of lilters to be used for the TAB work. Are
filters tlemporary or 1o be used as permanent
filters aller start-up? Are the lilter frames
sealed lo the plenum or ducl to prevent leak-
age? (Important il high elfliciency filters are
used.)

- 2. Air Conditioning Units

a)
b)

c)

d)

Generally follow the fan check list.

Check the aitflow pattern from the oulside air
Intake louver and return air/exhaus! air damper
to the lan discharge.

Inspect the ducls and plenums lor obstruclions
and foreign objecls.

Conliynlilter sizes, lypes, number and installa-
lion.

e) Check cooling and heating colls for proper in-

q)

stallation, and heat exchange position (counter
llow, parallel flow, elc.)

Check and sel all automalic control dampers
as required. -

Conlirm that ducl syslem connections have
bren made lo the proper units and follow the
correcl llow pallerns. % :

3. Duct Syslem Checks

a)

h)

c)

d)

©)

N

Check that all outside air intake, return air and
exhaust air dampers are in the proper position
and operable for the TAB work.

Conlitm that all system volume dampers and
lire dlampoers have boen installed, are in the full
open posilion, and are accessible.

nspect access doors and hardware lor light-
ness and leakage and verily that all necessary
access doors have been installed.

Verily that all air letminals and terminal units
have been installed and that lerminal dampers
are fully open,

Inspect coils, duct healers and terminals lor
leakage at duct conneclions and piping pene-
trations.

Conlirm localions for Pilol lube lraverse mea-
surements and accessibilily for TAB mea-
sturements in general.

Confirm that openings have been provided in
walls and plenums for proper air passage.

Confirm that all architectural features such as
doors, enilings, and wirdows are Installed and
are funclional with regard lo aitllow of the duct
syslems heing balanced.

Inspect duct systems for proper consltruclion,
that all turing vanes have been installed, and
that all joints have been sealed where
specified.

HYDRONIC DISTRIBUTION
SYSTEM INSPECTION

Belore starling the TAB field procedures, the TAB
team gust make the necessary inspections to con-
firm that the HVAC systems have been completely
installed, that there Is the proper power lo the equip-
ment, thal automalic conlrols are completle and

Y






operaling and that the building is complelely closed in

with windows, doors,

elc. The following is g list of

items to confirm that all of the syslems have been
installed in accordance with the contract documents
and are ready fo be tested, adjusted and balanced.
Check list (Figure 3-3) can be used as a guide by the
TAB team.

1. Pumps

a) Conlirm that all pumps have been checked and

b)

c)

d)
e)

verily thal:
1) the equipment maltches the test reporl
dala such as model number, make, lype,
rpm, elc.

2) the test report forms have had data en-
tered that must be obtained from the field.

3) all bearings have been lubricated,
4) rotalion is free and correct.

5) moturs have been aligned and fastened
securely.

6) pump bases have been correclly grouled.

7) airhas been bled from pump casing where
required.
8) all drive sel screws and keyways are tight.

9) vibration isolation and flexible pipe con-
neclors are the correct size and lype and
In the proper position and alignment.

all equipment is clean and free of foreign
objecls.

10)

1)
12)

drive guards are In place.

access has been provided lor pressure
and/or lemperalure readings.

Locale all start-slop, disconnect swilches,
eleclrical interlocks and molor starters. Motor
starlers muslt be equipped with thermal over-
load prolection of the proper size.

Check availability of elecliical power 1o all
equipment needed lor TAB work and vorily the
compalibility of voltage and phase.

Verily that all strainers are clean.

Check system tlemperature and pressure
combinations al pump inlets lor possible flash-
Ing or cavalation problems.

y: e

2 Coils and lleat Exchangers

n)
b)

c)
d)

Conlitm size and physical dala.

Verily proper piping melhods, conneclions for
llow, pipe sizes, venling devices, elc.

Verily altllow direction.

Inspect [ace areas lor fin damage, alr leakage

from tube sheels, fluld leakage from tubes or
piping, loreign maller, elc.

Conlitm provisions for pressure and lempera-
e measitements.

f)  Conlinn operation type and size ol automatic
valve, expansions valves, and other control-
equipment. (Temperature conltrol valves usu-
ally are sel lor full flow during TAB proce-
dues.) '

3 Piping Systems .

a) Conflitm thal the sysler is hee of leaks and
hat it has been hydiostatically tesled, filled,
flushed, infilled and venled as required.

b) Confirm that all strainers have been cleaned.

c) Inzpoct preseme rech 1cing valve operalion and
=ellings Tor both system valves and make-up .
waler valves.

d) Confirm sellings and localions of all salely and
telief valves. '

°)  Confitm that all manual and automatic valves
~aein the open position for TAB work.

1) Inspect and verify that the waler level In the

compression lanks Is correct.

Confirm aceessibility Into cellings and walls for
adinstment of balancing valves, and lor flow
melers and measurement points.,

Confitm that provisions have been made o
oblain temperature, pressure, and llow mea-
stitements,

(R

.






